In traditional chemotherapy, treating colonies during the active season, when considerable parts of the mite population are protected within brood cells, has only limited efficacy. After the treatments, mites emerging from cells with the hatching bees almost immediately replace the losses. One possible way to overcome this difficulty is a continuous treatment releasing constant amounts of acaricide over an extended period. The impact of different treatments on the population dynamics of Varroa jacobsoni is calculated by computer simulations. Experiments were started recently using carriers impregnated with acaricides (pyrethroids). From these the acaricides are gradually distributed by direct or indirect contact among bees over a period of several weeks. Preliminary experiments demonstrated that colonies can be successfully treated during brood rearing season with this novel method.
INTRODUCTION
The early methods of chemotherapy against varroatosis were mainly general pest control methods. Spraying, dusting, fumigation and aerosol were typical modes of application used in the « first generation » of control methods of Varroa jacobsoni Oud. None of these treatments took into account the biological conditions in the bee colony.
Bees actively clean the hive of all kinds of « pollution » and regulate the interior of the hive to a suitable and nearly constant level of temperature, humidity and CO!. As a result, the introduction of acaricides is almost immediately counteracted by the bees. Therefore the effect of treatments is limited to a very short period after their application. Consequently, all mites which are not hit during this short period survive.
To increase the efficacy, treatments are usually repeated several times, which is four times in the application of formic acid (Illertisser Milbenplatte, W ACHEND 6 RFER et al., 1985) or the fumigation with Folbex (K LEPSCH et al., 1983) . This leads to high amounts of the chemicals applied, with the consequence of residue problems in honey and beeswax. The next step in the improvement of chemical varroa control methods was by feeding acaricides to bees, which are then distributed by natural trophallaxis in the colony. The acaricide then passes into the haemolymph of the bees and kills the mites feeding on them. The first systemic acaricide used for varroa control was Chlordimeform (R U TT NER et al., 1980) which never was officially registered because of residue problems. Later Perizin (Coumaphos) was developed (R I TT ER , 1985) . This is now the most generally used treatment in F.R. Germany. The treatment of colonies is easy and fast : the liquid formulation of Perizin is sprinkled between the combs. A single treatment is efficacious so two replications are sufficient for reaching an efficacy of more than 90 % in broodless colonies.
There is a specific problem with systemic acaricides for varroa control. The bees which take up the administered solution are « loaded with high amounts of acaricides up to toxicity level. The initial concentration has to be very high because only a limited volume can be applied which, during its passage from bee to bee, is diluted. To reach an acaricide level above varroa toxicity in a maximum number of bees, some initial bee mortality has to be accepted. Systemic acaricides are effective for only a limited period after application (until they are naturally eliminated out of the bee's haemolymph). In this regard they have no advantage compared to previous methods like Folbex, etc. Systemic treatments do not reach mites in capped brood cells.
All the above mentioned methods aim to kill Varroa mites attached to the bees. Reproducing mites are protected within the capped brood cells. Only formic acid is to some degree effective within cells (A DELT and K IMMIG , 1986). So most of the traditional acaricides can be applied successfully only during autumn and winter in Central Europe. But using this method, winter bees reared in July and August may already be damaged during their larval and pupal development and the colony may die whether it is treated in autumn or not. The situation is even more critical in Mediterranean countries like Israel, southern France and Spain, where sealed brood is present throughout the year. Apparently, a method is needed which gives successful treatment of colonies containing capped brood cells.
Quantitative background of chemical varroa control in colonies with capped brood
The efficacy of treatment methods was calculated by computer simulations of the population dynamics of Varroa according to scheme in Fig. 1 . The percentage of varroa within brood cells varies to a large extent among colonies (5 % to 85 %) with an average of about 50 % (F UCHS , 1985) . To maintain this balance, each day 1/12 of the mites leave the bees and enter worker brood cells, in which they produce an average of 1.4 female offspring (S CHULZ , 1984) . 12 days later the cells are uncapped. Although 22 % of the mites were found to reproduce a second time in nature (ScHVr.z, 1984) , it is assumed for simplicity that after reproduction the old mites die and can be found on the inserts, whereas the young mites reinfest bees. The model calculates on a dayby-day basis the numbers of mites on bees (B), within brood cells (C) and the dead mites on the inserts (M). The population of mites on bees might be depleted by acaricides. These mites are also added to the mites found on the insert.
A conventional treatment in this situation results in a limited short term effect, which at best removes all mites from the bees during 1 day (Fig. 2 ). After this, mites leave cells, enter bees, re-enter cells and after some regulative fluctuations restore the original population within about 40 days. The effect of a second treatment is demonstrated using a population of constant size (reproduction = mortality, Fig. 3 ). The end level of the curve gives a direct measure of the efficacy of the treatment. It obviously depends on the time interval between the treatments and is highest after 12 days (82 %), when all surviving mites have left the cells and only a few have re-entered. This influence of time interval is less marked in treatments killing less than 100 °/n of the mites on bees in one day. As a result, these calculations demonstrate that acaricidal effects of short duration, even if repeated, cannot eliminate Varroa or even reduce the population to a tolerable level in colonies containing capped brood cells.
In contrast, simulations of an alternative approach give more satisfactory results. Continuous treatments over extended periods of some weeks remove mites as they emerge from brood cells. In case of 100 % efficacy (removal of all Varroa on bees within 24 h) the treated colony will be cured after the period of cell capping lasting 12 days. By then the last mites have emerged from cells, but no cells have been reinfested. With a more realistic assumption of a constant efficacy of 50 % per day the colony will be cured within a month (Fig. 4 ). The numbers of dead mites per day give a characteristic pattern with a marked peak during the first few days, when the Varroa population on bees is drastically reduced. During the following 12 days, a constant level of killed mites mainly consists of those emerging from cells. At the same time, some reinfestation of brood cells occurs which leads to a second plateau of mites emerging from cells and being killed. After 30 days, only very few mites (0.1 %) survive.
Carriers
We tried to achieve a constant release of acaricides by using impregnated carriers which were introduced into the hive. In bioassay tests carried out within cages containing 10 infested bees, pyrethroids proved to be very effective over sufficiently long periods of time. The pyrethroids used were Bayvarol (Bayer A.G.) and Fluvalinate (Zoecon Corp.). Both substances showed a high varroacidal activity combined with a low bee toxicity. The principle of dispersal of the acaricide within the colony is by contact from the carrier to the bee and then from bee to bee and on the varroa mites on them. This pathway was demonstrated by cage tests (K OENIGER , 1986 ). The first experiments were conducted using plywood carriers. Later several synthetic materials such as polyester, pvc, polyurethane, polyethylene and polystyrol were tested. The structure of the carrier and chemical nature of the acaricide both strongly influence the effect of the release and must be very well adjusted.
Application of acaricide carriers within hives

METHODS
To determine an effective position in which carriers can be placed within colonies, the following variations were examined within broodless colonies (0.5 fL g/cm 2 Bayvarol, 2 colonies/variation) :
1. An impregnated inner cover was placed above the combs. 2. Two impregnated partitions were placed in bee spaces between the combs.
3. An impregnated plywood grid (Bausperre) was placed under the combs.
The treatments lasted 27 days. The numbers of surviving mites were determined by washing the mites from the bees with detergent water (F UCHS , 1986).
Experiments with colonies containing brood were carried out with comb partitions (surface area 760 CM 2 ). In experiment I, one partition was inserted in the middle of the colony (5 colonies, duration of treatment 60 days), in experiment 2, two partitions were placed 3 bee spaces apart (20 colonies, duration of treatment 70 days). The numbers of dead mites on the inserts was registrated daily during the first 18 days and in 7 day intervals thereafter.
As a commercialized product available to the beekeeper, pyrethroids will be incorporated into plastic carriers. One of these products was tested during a period of 53 days in 30 colonies containing brood combs starting at mid-july.
RESULTS
The efficacies of carriers in different hive positions is given in Table 1 . The best results were obtained with comb partitions, which eliminated about 99 % of varroa mites within 27 days, whereas grids or covers were clearly much less effective.
During treatments with wooden carriers in colonies containing brood, the total efficacy was about 95 % in both experiments ( Table 2 ). The mean percentages of the total numbers of mites in the colonies killed each day is shown in Fig. 5 . High numbers of mites were killed each day, while approximatively constant numbers were registered during the 12 following days with a subsequent drop to much lower numbers thereafter. This closely reflects the pattern of the theoretical evaluation (c.f. Fig. 4 ). In tests using plastic carriers, during 53 days about 99 % of varroa could be eliminated from colonies containing brood (Table 3 ). In 20 out of 30 colonies (67 %), efficacies were more than 99 %. In only one colony, it was less than 95 %. DISCUSSION It is obvious that a considerable improvement has been achieved in chemotherapy during the past few years. Beekeepers in most parts of Europe are now in a position to avoid damage by Varroa. On a regular basis all colonies have to be monitored and treated twice or at least once a year. Therefore, chemical varroa control is now a regular routine in beekeeping. It is a significant factor in the economics of honey production, because considerable labor and costs are involved.
Further progress will result from the current research. The introduction of constant release carrier methods will for the first time allow an effective treatment of colonies with capped brood. This is of crucial importance if the severe problems of varroa control in the southern regions of Europe are to be solved. The method involves low labor costs and minimizes the risk of misdosing. By using the natural pathway of distribution by contact from bee to bee, it is hoped that residues can be kept low. Preliminary analyses are encouraging in this respect. After the treatment, the acaricide not used is removed with the carrier. This reduces the likelihood of sublethal concentrations remaining in the colony which might promote the development of resistance. The development of the carrier method has not yet been completed, but we hope that the remaining problems can be overcome and the carrier method will get official registration soon.
The eradication of varroatosis in Europe seems not to be a realistic goal. For the next decades, beekeeping will depend on solutions of the varroa control problems. In this regard, chemotherapy involves considerable disadvantages and risks. It is known that resistance of mites to chemical control agents occurs frequently. There are already some indications that this happens in Varroa jacobsoni to some chemicals. Further, in long term chemical varroa control, residues may accumulate in honey as well as in beeswax. Thus, the development of control methods apart from the use of chemicals will have a high priority in future. However, most research projects on biotechnical or genetic solutions are in a very early stage and the outcome is still uncertain.
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DANS DES COLONIES D'ABEILLES RENFERMANT DU COUVAIN OPERCULE
Dans les méthodes habituelles de traitement, la durée d'action de l'acaricide dans la ruche est très courte. Tous les acariens qui passent cette période sans dommage se reproduisent et rendent nécessaire la répétition du traitement peu de temps après. Les méthodes actuelles présentent une autre restriction importante : les acariens présents dans les cellules de couvain operculé ne sont pas atteints par l'acaricide.
On a évalué l'efficacité de diverses variantes du traitement par un calcul de simulation. La proportion de varroas sur les abeilles et dans les cellules de couvain varie de 5 à 85 % avec une valeur moyenne de 50 % , que l'on a retenue pour le modèle présenté ici ; puis on a introduit dans les calculs les taux de reproduction de Varroa jacobsoni indiqués par S CHULZ (1984) . Un traitement traditionnel ne produit qu'un effet limité dans les temps (Fig. 2 ). Afin de montrer l'action de la répétition d'un traitement, on a considéré dans le modèle une population constante de varroas (Fig. 3 ). L'intervalle entre 2 traitements a une influence sur le degré d'efficacité. Ces calculs de modélisation montrent que, même avec des applications répétées, des traitements avec des acaricides à durée d'action courte sont inappropriés pour des colonies possédant du couvain operculé. Par contre des méthodes qui agissent plus longtemps atteignent également les acariens qui sont sortis du convain operculé. Les colonies traitées sont guéries à 100 % au bout de 12 jours. Si l'on prend comme hypothèse réaliste, une efficacité de 50 % par jour, une colonie sera exempte d'acariens après un traitement de 30 jours (Fig. 4 ).
Pour tester pratiquement cette évaluation, on a appliqué sur des supports en contreplaqué les acaricides pyréthrinoïdes suivants : Bayvarol R (Bayer S.A.) et Fluvalinate R (Zoecon Corp.). On a noté une efficacité de 99 % suite à l'introduction des supports entre les cadres (Fig. 5 ). Lors d'un essai en champ sur des colonies qui renfermaient de grandes quantités de couvain operculé, on a atteint une efficacité supérieure à 99 % au cours d'un traitement de 50 jours (Fig. 6 ). L'introduction de supports acaricides en matériaux synthétiques à durée d'action longue et constante va rendre possible le traitement de la varroatose pendant la période de production de couvain. On dispose ainsi d'un traitement efficace en été après la miellée, avant la production des abeilles d'hiver. (Fig. 2) . Um die Wirkung einer wiederholten Behandlung zu zeigen, haben wir eine konstante Milbenpopulation im
